Executive Summary
The Energy Efficient Buildings Hub (EEB Hub) is a DOE-funded center, focused on improving the energy use in commercial and large-scale residential buildings. One of the Hub's goals has been to develop the means and methods to reduce energy use in commercial buildings by 20 percent by 2020. Understanding energy use in buildings is a key component to managing energy use at multiple scales, from the building to the city, to the region. Sankey diagrams are an accessible tool to visualize energy flows, and help identify opportunities to deploy energy saving technologies.
A campus-level Sankey diagram was previously generated from 2010-2011 data for ~100 metered Navy Yard buildings to quantify natural gas and electricity usage by principal building activity [4] . As these properties are renovated, the energy consumption and building principal activities are being updated and modified.
To depict the multi-year time lapse of regional electricity distribution in the Navy Yard, LLNL generated Sankey diagrams using data from 36 properties (buildings, developments, equipment) used to develop Philadelphia Authority for Industrial Development's (PIDC) Navy Yard Master Energy Plan (NYEMP). The diagrams presented in this report depict ~10 building use types and the yearly changes in forecasted usage in GWh from 2011 to 2022.
The forecast captures increases in regional energy use from planned building additions and renovations and yearly increases for existing buildings. From 2009 to 2022, there is approximately 5.6 million square feet of planned additions and renovations. The largest addition of properties are for office (~ 2.3 million square feet for dedicated office, and larger for shared office space) and residential space (~1 million square feet). Until 2014, the largest user of energy is for flex space, reaching a forecasted 11.4 GWh. In 2015-2016, the largest forecasted user is for a data center reaching ~25.7 GWh. After 2016, the largest consumers are either for office space (reaching 63.2 GWh forecast in 2022), or heavy industry (68 GWh forecast in 2022).
Introduction

The Navy Yard
The Navy Yard is on 1,200 acres containing roughly 282 existing buildings (233 historic structures), 7 miles of waterfront, and more than 10,000 employees working in more than 6.5 million square feet of facilities [2] . There are commercial, Naval, and industrial facilities. Establishments currently based at the Navy Yard include the EEB Hub, Penn State, Urban Outfitters, GlaxoSmithKline, Tasty Baking Company, Unique Industries, WuXi AppTec Laboratory Services, Rhoads Industries, and Iroko Pharmaceuticals.
Philadelphia Authority for Industrial Development (PIDC) and the Navy Yard Master Plan
PIDC manages the independent unregulated electric distribution grid that serves the Navy Yard. They led efforts to develop a 10 year Energy Master Plan that implements smart grid technologies to reduce the need for off-site external energy consumption. The plan is also organized around stakeholder involvement around distributed generation and energy efficiency.
PIDC contributed to the 2013 Navy Yard Master Plan update which addresses infrastructure improvements and additions, recreation, residential and commercial development, and research space. The plan integrates sustainable design including green spaces, carbon footprint reduction, redevelopment of existing sites, LEED designed buildings, mass transit, and storm water retention.
EEB Hub and Penn State University
The EEB Hub, located in the Philadelphia Navy Yard, was created by the U.S. DOE as an energy regional innovation hub. One of the Hub's goals has been is to develop the means and methods to reduce energy use in commercial buildings by 20 percent by 2020. Understanding energy use in buildings is a key component to managing energy use at multiple scales, from the building to the city, to the region.
Previously, EEB Hub requested qualitative visualizations of regional energy flows for the Navy Yard. These energy flows or Sankey diagrams are an accessible tool to help identify opportunities to deploy energy saving technologies. LLNL generated a campus-level Sankey diagram using metered natural gas and electricity data for the fleet of~100 buildings in the Navy Yard. The Sankey showed energy flow from natural gas and electricity to end use based on the principal activity of the building. The energy consumption and building principal activities are being updated and modified as properties in the Navy Yard get renovated. Data from 2 substations and 36 properties were grouped into 10 building use types (industrial, residential, etc.), some of which are a combination of others. We chose building use as the Sankey diagrams "end flow" because in a previous report, regional Sankey diagrams were organized by building type and end use [4] . In that report, the Commercial Buildings Energy Consumption Survey (CBECS) was used to approximate end-use energy loads for a given building type since sub-metering was not available. The forecast captures increases in regional energy use from planned building additions and renovations and yearly increases for existing buildings. The largest addition of property is~ 2.3 million square feet for office space (larger for shared office space) which is forecasted to be the largest energy consumer, reaching 63.2 GWh forecast in 2022. The second and third largest consumers in 2022 are expected to be for heavy industry (68 GWh) and a data center (25.7 GWh), both of which are energy resource intensive. The fourth largest consumer by 2022 is forecasted to be for residential use which accounts for ~ 1 million square feet of added space.
Analysis
Data used to generate the Sankey diagrams are shown in Appendix A. Table A1 shows use forecast in GWh organized by year and building use for properties from substation SS664, and table A2 shows properties from substation SS93. Table A3 shows total forecast usage when combining SS93 and SS664.
The Sankey diagrams are semi-automated to retrieve data from a spreadsheet. As the understanding of the Navy Yard energy use is updated and refined, Sankey diagrams can be updated and modified relatively easily.
It should be noted that data is organized such that the information given here may also be available in the NYMP, and specific details about each property remain confidential. 
Conclusions
The Sankey flow diagrams provide a visual compact form of estimated annual energy consumption for reporting and informing stakeholders. The energy flows capture details about the division of energy consumption by building type, property additions, building renovations, and assumed yearly increased in energy use. The regional energy flow details provide the framework to share and discuss electricity distribution, sub-metering needs, and renovation details at the Navy Yard and EEB Hub. It also provides another metrics tools for tracking milestones of the Navy Yard Master Energy Plan with each addition or retrofit and analyzing building or regional performance. While relatively easy to update, it can also be a visualization to explain future plans and help prioritize efforts.
The Sankey diagrams show that with each year and increase in property square footage, substation 664 is expected to manage majority of the load from additions and renovations. There are plans to expand the electrical distribution system of the Navy Yard to provide the capacity and reliability for users [7] . One possibility is the addition of a third substation after 2015 to accommodate the added electrical load.
Ultimately, the prototype annual Sankey diagrams serve as a template for regional energy consumption. The annual time frames are meant to depict transitional effects of major property changes on regional energy usage. The added "transient" details provide a new way to depict energy flows over time as opposed to a single year snapshot Sankey diagram. The visual can be modified and formatted in alternate configurations to capture important details about the Navy Yard energy distribution. This data for this report is from the Energy Master Plan completed in February 2013 and represents projected data at that time. Modifications or updates to Sankey diagrams can be made to reflect changes in the NYMEP plans. Figure C2. Representative B101 summer Sankey diagram using data from July 2011. In summer, the boilers are turned off as is reflected in the Sankey diagram. Heating to the building is reflected in contributions from several sources: the exterior environment (i.e. solar) provides heat, and interior components give off heat (lights, equipment). The largest energy loss from the building is due to the cooling. [6] Potential Projects
EnergyPlus models incorporate building parameters, material properties, meteorological data, equipment and their efficiencies, and to some extent, the behavior of its occupants. Sankey diagrams rely on simulated heat gains and some equipment and environmental data to estimate the energy flows within and around the building.
A. A goal of the building Sankey diagrams is to assist in building retrofits and planning. One approach is to use run comparative EnergyPlus models (i.e. Baseline vs. a case study that incorporates building retrofits). Retrofits could include changing the windows, insulation (R-values and U-values), or equipment (efficiency). Sankey diagrams can be generated for the Baseline and case study. The goal is to visually inform how retrofits change energy usage. B. Currently, the process of transferring output from EnergyPlus into a format such that Sankey diagrams can be easily generated is not automated. Developing the platform
